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Intussusceptions are one of the causes of surgical emergencies in children world-wide.\[[@ref1][@ref2]\] It is the most common cause of bowel obstruction in infants in Nigeria.\[[@ref3][@ref4][@ref5]\] Contrary to previous studies that stated its prevalence in children above 5 years\[[@ref6]\] We did note in our study and other studies from Nigeria that they present late for treatment in our environment.\[[@ref3][@ref4][@ref5]\] The consequences of late presentation are increased morbidity and mortality. Early presentation can be managed non-operatively by hydrostatic reduction using barium or air. Operative procedures could be by manual reduction (OR), if the intussusception is viable, or intestinal resection, with an ileo-colic anastomosis, or an intestinal resection with right hemicolectomy (IRRH) if the intussusception is gangrenous. We reported our series of intussusceptions in our institution, where we did 35 right hemicolectomies for gangrenous intussusceptions, from a total of 83 patients that presented with intussusceptions in 4½ years, with a resection rate of 42.16%,\[[@ref5]\] while Bode did a total of 96 right hemicolectomies and 23 limited ileal resections in his series from a total of 174 patients that presented with signs and symptoms of intussusceptions, with a resection rate of 68.39%.\[[@ref4]\] It has been reported that extensive ileal resection in necrotizing enterocolitis and Crohn\'s disease\[[@ref7][@ref8]\] can cause an alteration of the concentration of bile salts in the enterohepatic circulation leading to the possible formation of gallbladder stones. To the best of our knowledge, the literature is scanty on the effect of limited ileal resection from gangrenous intussusception on the formation of gallbladder stones.

This study therefore, is aimed at following up our patients who had ileal resection and a right hemicolectomy (RH) for gangrenous intussusceptions to detect the formation of gallbladder stones.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

The case files of children that were operated on for intussusceptions in the Lagos State University Teaching Hospital, Ikeja, from December 2006 to December 2011 were retrieved from the records department of the hospital and the parents contacted for a follow-up clinic in the pediatric surgical out-patients' either by phone calls or through text messages. This was from August, 2013 to September, 2013. The reason for the study was explained to the parents and a signed informed consent was obtained from the parents, who also kept a copy. The children were then referred to the radiology department where an abdominal ultrasound examination was performed in both supine and lateral oblique positions. This study was approved by the ethics committee of the institution.

The gall bladder, pancreas and liver were given special attention. The study was performed using either a GE LOGIQ 5 Expert or a Mindray model DP-6600 ultrasound machine with dual probes (3.5 and 7.5 MHz). All participants were scanned by the radiologists after the subjects were fasted for at least 4 h or occasionally in between meals.

Patients were considered to have gallbladder disease only if they had definite gallstones shown on ultrasonography as an echogenic foci with strong posterior acoustic shadowing. The finding of biliary sludge was not accepted as a positive study.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The total number of patients phoned/texted was 57, consisting of 31 control and 26 of the study group. Out of the control group, we phoned 31 parents and only 16 responded, giving a Response rate of 0.52 (52%). Among the study group, we phoned 26, out of which 14 responded. This gave a response rate of 0.54 (54%).

There were 30 responses to phone calls of which 23 were male and 7 were female with a male:female ratio of 3.3:1.

In the control group, we got 16 responses consisting of 11 males and 5 females with a male to female ratio of 2.2:1.

In the study group, there were 14 responses, of which 12 were males and 2 were females and a male:female ratio of 6:1.

The mean age of the control group was 6.2 ± 1.91 months; the mean age was 6 months with minimum of 3 months and maximum age of 9 months. Average interval between operation time and follow-up time for this group was 51.6 ± 18.96 months with the earliest follow-up time being 26 months after operation. For the study group, the mean age of 7.7 ± 3.68 months ranging from 4-18 months was seen. The median age was 7 months. The average follow-up time was 50.07 ± 21.74 months with the earliest follow-up time of 7 months while the latest follow-up of 87 months was recorded \[[Table 1](#T1){ref-type="table"}, Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].
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Comparison of age, sex and interval between operation and follow-up
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For OR, 54.5% of the male patients seen were between 3 and 5 months, 36.4% were in age group 6-8 months whereas for IRRH, the dominant age group was 9-11 months with the value of 41.7%. More females were seen in age category 6-8 months (80 0%) for OR, whereas all the female IRRH patients seen were between 3 and 5 months. For OR, no patient was followed up below 24 months while 2 each of male and female were followed-up in between 2 and 3 years. The dominant follow-up period was 37-48 months (3-4 years) for both OR and IRRH and all of them were male patients. The *P* value of 0.779, shows that there was no significant difference between follow-up time for both male and female.

One male child that had a resection with a RH for a gangrenous intussusception at the age of 4 months and seen at an interval of 72 months had a thickened gall bladder on ultrasonography. Another child, a female, operated on at the age of 6 months and seen at an interval of 57 months also had a thickened gallbladder on ultrasonography \[[Figure 3](#F3){ref-type="fig"}\].
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Late presentation of intussusceptions leads to gangrene and resection and anastomosis. Often, the gangrenous segment of bowel is resected with the terminal ileum and ileocecal valve and an ileotransverse anastomosis is done to establish bowel continuity. Studies of extensive resection for Crohn\'s disease and necrotizing enterocolitis showed the development of cholelithiasis.\[[@ref7][@ref8]\] A similar study to ours\[[@ref9]\] which included only 2 patients with gangrenous intussusceptions with ileocecal resection did not find any stones on ultrasonography. To the best of our knowledge, ours is a huge collection and may well form a reference point for further studies in this subregion where these patients present late and have limited ileal resections/limited RH.\[[@ref3][@ref4][@ref5]\] Two children were found to have thickened gallbladders on ultrasonography, this could be from other causes.

If these children will develop cholelithiasis, they will be mostly cholesterol stones. Cholesterol supersaturation is the main cause of cholesterol stones.\[[@ref10]\] Cholesterol bile supersaturation may be attributable to hypersecretion of cholesterol, hyposecretion of bile acids or a combination of both. An increase in biliary cholesterol output is the most common cause of supersaturation, i.e. from increased synthesis or uptake from endogenous sources.\[[@ref11]\] Adequate bile acid secretion depends in no small measure on the integrity of the enterohepatic circulation and any interference with this mechanism will contribute to bile acid hyposecretion\[[@ref12][@ref13][@ref14]\]

The pathogenesis of cholelithiasis in children is multifactorial.\[[@ref8]\] In infants it could be due to lithogenic factors such as parenteral alimentation, fasting, dehydration, frusemide treatment, ileal resection related to necrotizing enterocolitis or neonatal volvulus, biliary tract anomalies and polycythaemia, in combination with the immaturity of both the hepatic excretory function and the enterohepatic circulation.\[[@ref8][@ref15][@ref16]\]

Two children from the study group had thickened gall bladders on ultrasonography, which we think may be due to cholecystitis. This study throws up 2 questions: If stones form, how long after the resection would they form? Secondly, what preventive measures should be undertaken to forestall the formation of these stone? The answer to the first question may be an early and prolonged follow-up of these children.

Hoffmann in its article stated that whenever extensive ileal resection is done, there is malabsorption of bile acids leading to decreased concentration of deoxycholic acid and an increase in the concentration of chenodeoxycholic acid.\[[@ref16]\]

Perhaps the serum levels of these acids might be an indicator of those that may be at risk of developing gallstones from ileal resection from gangrenous intussusceptions, on the long run and who may benefit from dietary and therapeutic manipulation to lower their cholesterol levels if need be. Obviously, one of the limitations of this study is that the length of the resected terminal ileum was not measured, however, majority of intussusceptions occur at the terminal ileum/caecum.\[[@ref1]\] Further studies should be a prolonged follow-up, measurement of the length of ileo-colic resection, pre-operative and periodic estimation of serum cholesterol and bile salts, vitamin B 12, hemoglobin estimation and periodic abdominal ultrasonography. The objective is to investigate the nutritional implications of resecting varying lengths of terminal ileum in the course of treatment of gangrenous intussusceptions.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Although we did not find any gallbladder stones in these children who had resection and RH for gangrenous intussusceptions, the need for a long-term follow-up of these patients cannot be overemphasized.
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